The relationship between periprocedural complications and the type of vascular access in patients with prior history of coronary artery bypass grafting (CABG) and treated with percutaneous coronary interventions (PCIs) is less investigated than in the overall group of patients treated with PCI.
Introduction
In several studies, it has been demonstrated that, compared to the transfemoral approach (TFA), cardiac catheterization and percutaneous coronary intervention (PCI) using the transradial approach 2. Methods
Study Design and Patient Population
This retrospective analysis was performed on prospectively collected data [10] . Data for conducting the current analysis were obtained from the national registry of percutaneous coronary interventions (ORPKI) maintained in cooperation with the Association of Cardiovascular Interventions (AISN) of the Polish Cardiac Society. The registry has been characterized in previously published papers [10] . The study covered data obtained from the registry between January 2014 and December 2018. The authors selected 32,225 patients with prior history of CABG out of 536,826 patients treated with PCI during the analyzed period. The patients' flow in the current analysis is presented in Figure 1 . The current study comprised all patients with previously implanted coronary bypass grafts, including arterial grafts, venous grafts or both. Moreover, patients without patent bypass grafts were included in the analysis. The technical aspects of the procedure, such as the choice of access site, sheath size and catheter side, were at the operator's discretion. Furthermore, the periprocedural anticoagulation and indications for PCI, as well as stent type or use of distal protection devices, remained at the first operator's discretion. The protocol complied with the Declaration of Helsinki, and all participants provided their written informed consent for participation in the trial prior to enrollment. Due to the fact that the data in the study were collected retrospectively, the consent of the Bioethics Committee was not required.
Study Endpoints
The main study endpoint was the assessment of the frequency of periprocedural mortality and other procedure-related complications in the group of patients with prior history of CABG and treated with PCI via vascular access. The authors compared TFA and TRA, as well as right and left vascular access. The secondary study endpoints included other indices related to vascular access, i.e., contrast dose and radiation exposure. J. Clin. Med. 2020, 9, 764 3 of 14 Figure 1 . Flow of patients through the following stage of analysis. CABG = coronary artery bypass grafting; PCI = percutaneous coronary intervention. Figure 1 . Flow of patients through the following stage of analysis. CABG = coronary artery bypass grafting; PCI = percutaneous coronary intervention.
Statistical Analysis
The groups were compared using the t-test for continuous variables or the χ 2 test for nominal variables of their nonparametric equivalences when appropriate. Standardized differences were calculated for all baseline variables before and after matching. From all of the baseline/demographic characteristics, those with a p value lower than 0.2 for differences across groups were included in the logistic regression model used in propensity score matching (PSM). A logistic regression model was used to estimate the propensity scores. Scores are defined as the probability of using the femoral access site for each analyzed patient conditional on the baseline covariates. Then, for each patient with femoral access, one patient with radial access was assigned as a matched control. The assignment of these control patients was performed using the nearest neighbor algorithm (parameter r was set as 1 to match only one control (radial) to each with femoral access). One control (radial) patient was used only once, i.e., can be assigned to only one patient with femoral access. However, some patients with radial access could be discarded if they did not match any of the patients with femoral access. The groups were considered balanced if the standardized differences for each of the analyzed baseline/demographic characteristics were lower than 10%.
Femoral vs. Radial Access and Right vs. Left Radial Access
The effects of TFA on death, cardiac arrest, coronary artery perforation, puncture site bleeding and no reflow were assessed using mixed-effect models to account for matching. A similar analysis was performed for the right radial access. As a primary analysis, simple models with access site as the only fixed effect were constructed (model type A). Then, for the sensitivity analysis, additional models with procedure data used as covariates in the case of potential were associated with both the access site and the analyzed endpoints (p value < 0.2; model type B). Additionally, full models were constructed with all the procedure data as covariates and also any baseline/demographic characteristics with potential confounders (p value < 0.2; model type C).
Results

Population
Data for 15,154 (46%) procedures with TFA and 17,609 (54%) with TRA were extracted from the overall group of 32,225 patients treated with PCI and with prior history of CABG. Out of 32,225 patients following CABG, PCI was preceded by coronary angiography and bypassography in 28,217 patients (86.1%). Prior to PSM, it was noted that significantly older age (p = 0.002), more frequent incidence of diabetes (p < 0.001) and smoking history (p = 0.004) were among the characteristics for patients from the TRA group compared to TFA ( Table 1 ). The rate of ST-segment elevation myocardial infarction (STEMI) patients before PCI was significantly higher in the TFA group in comparison to the TRA group (p < 0.001), while the rate of stable patients was significantly higher in the TRA group (p < 0.001; Table 1 ). Prior to PSM, the frequency of patients with Killip class IV was significantly higher in the case of TFA compared to TRA (1.9% vs. 0.7%; p < 0.001), and also in the case of radial left compared to radial right (0.43% vs. 1.05%; p < 0.001). Moreover, the rate of pre-hospital cardiac arrest prior to PSM analysis was significantly greater in the group of patients with TFA compared to TRA (1.18% vs. 0.4%; p < 0.001), and also in the group of patients with right compared to left TRA (0.52% vs. 0.29%; p = 0.02). A comparison between selected clinical indices according to the TRA and TFA after PSM analysis is presented in Table 2 , while similar results after inclusion into PSM analysis Killip class grade and cardiac arrest before admission to hospital are presented in Table 3 . Table 1 . General patient characteristics according to radial and femoral access in the overall group of patients prior to propensity score matching. 
Selected Indices
Procedural Indices
Before PSM analysis, the overall amount of contrast dose was significantly higher in the TFA group in comparison to TRA (p < 0.001), and the radiation dose was higher in the TRA group (p < 001). The thrombectomy rate was also significantly higher in the TFA group when compared to TRA (p = 0.002), while the patency of the target artery was significantly higher in the TRA group (p < 0.001). This is presented in Table 1 . The comparison of selected procedural indices after PSM and inclusion into PSM Killip class grade and the incidence cardiac arrests before admission to the hospital are presented in Tables 2 and 3 .
The rate of procedure-related complications differed between patients from the TRA and TFA groups before PSM analysis. The death rate was significantly higher in the TFA group when compared to TRA (0.35% vs. 0.16%; p < 0.001), as well as cardiac arrest (0.67% vs. 0.29%; p < 0.01) and the coronary artery perforation rate (0.27% vs. 0.16%; p = 0.03), whereas the rate of periprocedural allergic reactions and coronary artery dissections was higher in the TRA group compared to TFA (0.16% vs. 0.04%; p < 0.001 and 0.16% vs. 0.08%; p = 0.048). There were no significant differences between the TRA and TFA groups regarding the frequency of myocardial infarctions (0.13% vs. 0.2%; p = 0.1), no reflows (0.53% vs. 0.62%; p = 0.26) or puncture site bleeding (0.11% vs. 0.16%; p = 0.26). There was only one incidence of procedure-related cerebral stroke, which occurred in the TFA group.
Femoral and Radial Access
The participation of particular vascular accesses in the presented study and its relationship in following years for the patients included in the conducted analysis is presented in Figure 2 . Furthermore, the type of vessel treated according to the used vascular access is shown in Figure 3 .
Both groups were initially quite balanced, with the highest standardized difference of 10.3% for indication. Propensity scores were obtained using logistic regression taking age, sex, weight, diabetes, history of MI, PCI, smoking, psoriasis and indication into account. After matching, the highest standardized difference was observed for indication (5%).
The authors have observed that femoral access was associated with 1.8 (95% CI: 1.1 -3; p = 0.02) increased odds for death and 1.98 (95% CI: 1.39-2.88; p < 0.001) increased odds for cardiac arrest. Such a significant association was not observed for coronary artery perforation (OR: 1.73; 95% CI: 0.99-3.09, p = 0.059), puncture site bleeding (OR: 1.83; 95% CI: 0.92-3.82, p = 0.09] or no reflow (OR: 1.12; 95% CI: 0.82-1.53, p = 0.49). The results were subjected to primary (model A) and sensitivity (models B and C) analyses, the results of which are presented in Figure 4 . After inclusion into PSM Killip class grade and cardiac arrests which occurred before admission to the hospital, the relationship between procedure-related complications and vascular access was only noticed in the case of procedure-related cardiac arrests (OR: 1.55; 95% CI: 1.07-2.28, p = 0.022] and allergic reactions (OR: 0.19; 95% CI: 0.05-0.53, p = 0.003], while borderline for coronary artery perforations (OR: 1.82; 95% CI: 1.005-3.43, p = 0.053], puncture site bleeding (OR: 2.14; 95% CI: 0.99-4.98, p = 0.059) and overall complications rate (OR: 1.22; 95%CI: 0.99-1.49, p = 0.053). The relationships were After inclusion into PSM Killip class grade and cardiac arrests which occurred before admission to the hospital, the relationship between procedure-related complications and vascular access was only noticed in the case of procedure-related cardiac arrests (OR: 1.55; 95% CI: 1.07-2.28, p = 0.022] and allergic reactions (OR: 0.19; 95% CI: 0.05-0.53, p = 0.003], while borderline for coronary artery perforations (OR: 1.82; 95% CI: 1.005-3.43, p = 0.053], puncture site bleeding (OR: 2.14; 95% CI: 0.99-4.98, p = 0.059) and overall complications rate (OR: 1.22; 95%CI: 0.99-1.49, p = 0.053). The relationships were the following for deaths (OR: 1.53; 95% CI: 0.87-2.79, p = 0.14), no reflows (OR: 0.92; 95% CI: 0.65-1.29, p = 0.63), myocardial infarctions (OR: 1.5; 95% CI: 0.73-3.21, p = 0.27) and arterial dissections (OR: 0.62; 9%% CI: 0.24-1.47, p = 0.29].
Right and Left Radial Access
The comparison of general patient's characteristics between patients treated from right and left radial access after PSM analysis is presented in Table 4 . Table 4 . General patient characteristics according to right and left radial access in the overall group of patients following propensity score matching.
Selected Indices
Right Radial Artery n = 6420 The authors have observed, when comparing right radial access to left, that radial access was associated with 64% increased odds for death, the results varying from a 21% decrease to as high as a 4-fold increase (p = 0.27). There was a 70% increase in the odds for cardiac arrest, varying from a 7% decrease to as high as a 3-fold increase (p = 0.09). For coronary artery perforation, a 58% increase in odds occurred. This varied from a 38% decrease to as high as a 4-fold increase (p = 0.34). There was a 2.5-fold increase in the odds for puncture site bleeding, which varied from a 16% decrease to as high as a 9-fold increase (p = 0.12), and a 6% increase in the odds for no reflow, varying from a 32% decrease to a 68% increase (p = 0.79). The results were considered in primary (model A) and sensitivity (model B) analyses, the results of which are presented in Figure 4 .
Discussion
The main finding of the current study is that the higher incidence of periprocedural cardiac arrests can be found in the TFA group in comparison to TRA, even after inclusion into PSM Killip class grade and the occurrence of cardiac arrest before admission to the hospital. No such significance was confirmed for other periprocedural complications, which included deaths and no reflows, except for allergic reactions. While there was borderline significance for the increased rate of coronary artery perforations, the overall complications rate and puncture site bleedings in the TFA group when compared to TRA. None of the assessed periprocedural complications were found to be significantly related to right or left radial access before and after considering features of high-risk patients. The TFA was related to a significantly higher contrast dose, with lower radiation exposure in comparison to the TRA.
Patients with a history of CABG surgery tend to be older and present a greater comorbidity burden when compared to those undergoing angiography and PCI for native coronary artery disease [11] . It has been demonstrated in several studies that, despite the increasing trend of more frequent radial access use in recent years, in the overall group of patients treated with PCI, femoral access still prevails in the group of patients with prior history of CABG, where only a small percentage of patients have been treated percutaneously with TRA [9] . There is visible reluctance on the part of operators to change habits related to femoral radial access in the group of patients with prior history of CABG. This is often the consequence of unreasonable fears of a higher rate of procedure-related complications and a high crossover rate from the radial to the femoral approach. TFA is associated with a higher incidence of patients in severe conditions, mainly due to the fact that high-risk patients are more often treated with this approach. This is a result of the fact that older operators are attached to long-standing habits regarding the treatment of severe patients, often after cardiac arrest, treated with mechanical ventilation and in a severe general condition. The latter is caused, for example, by a cardiogenic shock, which needs to be treated with vasopressors. Sometimes, operators do not consider the use of radial access, which could be beneficial in some cases. Similarly, in the authors' work, the frequency of patients in Killip class IV in the initial group of patients prior to PSM was significantly higher in the case of femoral access compared to radial and in the case of left radial compared to the right radial approach. Moreover, the rate of pre-hospital cardiac arrest before PSM analysis was significantly greater in the group of patients with TFA in comparison to TRA and in the group of patients treated with right compared to left TRA. After inclusion of those two indices, there was only a significantly higher rate of procedure-related cardiac arrests in the TFA group when compared to TRA. Such data concerning high-risk patients assessed before treatment with PCI certainly do not go unnoticed. Even after PSM modification, they undoubtedly contribute to a higher residual cardiovascular mortality risk burden in the group of patients with TFA compared to TRA and right in comparison to left TRA.
Publications concerning the relationship between the type of vascular access and procedural mortality, as well as the cardiac arrest rate, are very limited, and those that are available refer to trials performed on small number of patients, which substantially weakens the resulting conclusions. This is in opposition to TRA and TFA in the general group of patients treated with PCI. However, in this cohort of patients there was still an increase, and it has been demonstrated in previously published studies that during the study period, PCI in patients with prior history of CABG represented 17.5% of the total PCI volume [12] . The PCI target was the native coronary artery in 62.5% and the bypass graft in 37.5%: SVG (34.9%), arterial graft (2.5%), or both arterial graft and SVG (0.2%) [12] . Similar results were obtained in the current study, in which almost 90% of PCIs were proceeded by coronary angiography/bypassography. Compared to patients undergoing native coronary artery PCI, those undergoing bypass graft PCI had higher-risk characteristics and more procedural complications [12] . Several parameters were found to be associated with PCI on bypass grafts and on the native arteries regarding a greater in-hospital mortality rate [12] . This could play a crucial role, especially when considering the fact that this group of patients is at greater cardiovascular risk at baseline [13] . The decrease in mortality among patients treated with PCIs is of special importance due to the fact that patients following CABG demonstrated poorer prognosis after surgery compared to percutaneous revascularization [14] . They also had poorer procedural and postprocedural clinical outcomes [15] . Al Suwaidi et al., with the use of multivariate logistic regression analysis for the adjustment of differences concerning the baseline characteristics, stated that the treatment of vein graft was independently associated with adverse cardiac events, although prior history of CABG itself was not. They concluded that primary PCI for acute myocardial infarction in patients with previous CABG is associated with higher adverse events largely attributable to adverse baseline clinical characteristics and treatment using vein graft [16] . Burzotta et al. demonstrated that the homolateral transradial approach facilitates left internal mammary artery evaluation in patients with history of previous CABG surgery undergoing coronary angiography [17] . The current analysis suggests that the safest vascular access in patients with prior history of CABG and treated with PCI is the right radial approach. However, this finding may seem implausible. Due to the fact that a great number of patients were bypassed with the internal left mammary artery, the left radial approach is found to be more favorable for many reasons: easier cannulation of the left internal mammary artery, lower amount of contrast and shorter fluoroscopy time.
In some of the published studies, it was revealed that among patients who had previously undergone CABG surgery, TRA coronary angiography was associated with greater contrast use, longer procedure time and greater access crossover and operator radiation exposure compared to TFA angiography [18] . However, in more recently published research including patients undergoing coronary angiography or interventions on vein saphenous grafts, it has been demonstrated that TRA is associated with lower contrast volume at experienced centers in comparison to TFA, and there were no differences in fluoroscopy time between TRA and TFA [13] . This was also visible in the current analysis, in which the contrast amount was lower in the TRA group when compared to TFA. In a study published by Michael et al., TRA was associated with higher radiation exposure, which is similar to findings of previous studies [8, 12, 18, 19] . Michael et al. found that, from an operator perspective, TRA was associated with significantly greater operator radiation exposure during diagnostic angiography when compared with TFA [18] . They concluded that this may be at least partially explained by increased fluoroscopy time required to engage bypass grafts from TRA. Another likely contributing factor is the use of left radial access, which often requires the operator to "bend over" the patient and, hence, be more exposed to radiation [18] . Increased operator radiation exposure with TRA is described in multiple previous studies and is a cause for concern because, over time, it can lead to significant adverse health consequences [18] . The authors of this study also confirmed that radiation exposure was higher in the TRA group compared to TFA. This relationship was confirmed in some of the later published studies involving experienced operators. It was also revealed that despite the decrease in total procedure time for radial cases with the level of training, the total radiation dose did not decrease for coronary angiography in the general population [20] . As a confirmation, in the currently analyzed study, the contrast amount and radiation exposure were significantly higher in the TRA group compared to TFA, as well as in the left TRA when compared to the right before PSM analysis.
Limitations
Some study limitations and strengths should be taken into account. Periprocedural complications were reported by the first operators performing PCI. In the presented study, not all complications related to PCI are included, due to the fact that some patients presented those complications after leaving the catheterization laboratory, or even a few days later, until discharge from the hospital. Moreover, the diagnosis of the periprocedural complications remained at the operator's discretion. These two issues undoubtedly lead to an underestimation of the actual number of procedure-related complications. Additionally, the reporting of the PCI could add some misleading data, due to the fact that in some cases, operators were not able to report data. They were reported by other members of the catheterization laboratory staff, which included technicians, nurses or residents. The inclusion of a number of other risk factors in the analysis related to the occurrence of perioperative cardiac arrest, and not available in the assessed data (left ventricular ejection fraction, severity of renal failure, severe failure of other organs, number of patent arteries, etc.), may significantly change the current results.
One of the most powerful strengths of the current study is the large number of participants, which is rare when considering the analyzed group of patients. Considering this, it may be concluded that the most visible trends remain stable, even in the case of the lack of some data caused by their improper collection.
Conclusions
In the presented study, it has been confirmed that there is a statistical association between femoral access and a higher incidence of periprocedural cardiac arrests in comparison to radial access, even after inclusion into PSM Killip class grade and cardiac arrests before admission to hospital in the group of patients with prior history of CABG and treated with PCI. Borderline significance was demonstrated for puncture site bleeding, coronary artery perforations and the overall complications rate. There are no significant differences in periprocedural complication rates for particular complications between right and left radial vascular access before and after inclusion into PSM Killip class grade and cardiac arrest rate before admission to hospital. Femoral vascular access is related to a significantly higher contrast dose and significantly lower radiation exposure in comparison to radial access. 
